Zinc ions inhibit growth of some RNA viruses (rhino-, picorna-, and arboviruses), where posttranslational cleavage of giant precursor polypeptides is prevented in the presence of the drug (1, 2) . Zinc ions also inhibit growth of a DNA virus, Herpes simplex virus (HSV) (3, 9) , where accumulation of large precursor proteins has not been found (3) . A zinc concentration which inhibits HSV growth by 95% (0.1 mM) strongly inhibits synthesis of late proteins, especially P1-P4, but does not interfere with host protein synthesis (3) . This leads to the suggestion that a process (or processes) other than protein synthesis itself, or posttranslational cleavage of precursor proteins, is affected by zinc ions in HSVinfected cells. It was also found that the effective concentration of the drug (0.1 mM) does not inhibit synthesis of an early protein, HSV-specified DNA polymerase (9) . This finding creates a new situation since synthesis of some viral proteins (early) is permitted whereas synthesis of others (late) is restricted in the presence of zinc ions. The simplest explanation for the discrimination of late protein synthesis in the presence of zinc ions is the effect these ions have on viral DNA replication. The finding that synthesis of HSV DNA (identified by its buoyant density in CsCl) is not (or is just slightly) inhibited by this concentration of the drug (3, 9) does not eliminate such a possibility since synthesis of incompetent viral DNA with unchanged density cannot be excluded.
The aim of this study was to obtain some additional information concerning the mechanism of inhibitory action of zinc ions on multiplication of a DNA virus. Vaccinia virus has been chosen as a model since this virus induces cytoplasmic synthesis of nucleic acids, which makes it easier to distinguish between virus-and host-specified nucleic acids. Virus-induced thymidine kinase (TK) has been chosen as a representative of early viral proteins, since TK-deficient LM (TK-) cells, a permissive host for the virus, lack both TK activity and inactive TK polypeptides (6) . It is found here that zinc ions do not affect TK synthesis as such in vaccinia virus-infected cells, a finding similar to that with DNA polymerase in HSV-infected cells (9) . However, the drug severely inhibits accumulation of TK if added within 1 h postinfection (p.i.). Moreover, if zinc ions are present during this early step of infection, a "light" RNA disappears from a proper part of the gradient.
Purified vaccinia virus (4) strain IHD clone 1 (7) and LM(TK-) cells (5) were used in all the experiments. Propagation of cells and the virus, titration of the virus, TK assays, and viral RNA and DNA measurements were described earlier (10) (Table 2) . Table 3 shows that zinc ions, if added at the time of infection and 1 h p.i., strongly inhibited induction of TK in infected cells, whereas, if added 1.5 h p.i. and later, they had no effect on accumulation of the enzymatic activity. The inhibition of TK accumulation by zinc ions added within 1 h p.i. (lines 1 and 2) cannot be explained by possible interference with viral DNA replication since the latter is not required for TK synthesis (8, 10) . Hence, a zinc-sensitive step that occurs earlier than viral DNA replication can be suggested. The results presented in Table  3 show also that zinc ions did not interfere with TK synthesis itself since more than 90% (line 3) and more than 95% (line 6) of TK were synthesized in the presence of the drug added 3 5 .5 x 105 PFU/ml. Zinc sulfate was added at zero time to some plates while the remaining ones were left untreated (column 1). At times indicated in column 2 the drug was washed out, fresh maintenance medium was added, and plates were incubated overnight (column 4). Appropriate control plates (untreated) were frozen at times when the inhibitor was washed out from the treated samples (column 3).
uninhibited accumulation of HSV-induced DNA polymerase in the presence of zinc ions added 2 h p.i. (9) . Unfortunately, it is not known whether earlier treatment of HSV-infected cells with zinc leads to an inhibition of DNA polymerase synthesis. The general suggestion from these data was that a step occurring earlier than protein synthesis is affected by zinc ions in vaccinia NOTES 407 virus-infected cells. It was shown that TK mRNA synthesis in WR-infected HeLa cells is completed within 2 h p.i. (8) , and this is true also for IHD-infected LM (TK-) cells (unpublished data). Since this very period is sensitive to an inhibitory action of zinc ions on TK accumulation, it was suggested that viral RNA synthesis might be involved. Direct measurements of total RNA synthesis showed, however, that zinc ions just moderately inhibit RNA synthesis in infected cells, which itself is an unlikely explanation for a prominent inhibition of TK production. Therefore, pulselabeled cytoplasmic RNA from drug-treated infected cells was compared to that from nontreated infected cells (Fig. 1A) . This panel shows that, in addition to unaffected distribution of 18S and 23S RNAs ("peak in peak"), distribution of "light" RNA is different in treated and untreated samples ("peak out of peak"). This is due to reduced 3H radioactivity in fraction 5 (ratio of 3H in fraction 5 Figure 1B shows distribution of both 3H-and "C-labeled RNAs from zinc-treated infected cells, whereas distribution of both 3H-and "Clabeled RNAs from nontreated infected cells is shown in Fig. 1C . Identical distributions were seen in both cases. It should be noted that Fig. 1 is that synthesis of a fraction of RNA in zinc-treated infected cells is affected. This supports the idea of involvement of transcription in zinc-caused inhibition of vaccinia virus growth, although some posttranslational processes may alternatively be responsible for such inhibition.
